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Abstract: B-cell lymphoma-2 (BCL-2) family dysfunction and impairment of apoptosis are 

common in most B-cell lymphoid malignancies. Venetoclax (Venclexta™, formerly ABT-199, 

GDC-0199) is a highly selective BCL-2 inhibitor, which mimics its BCL-2 homology 3-domain 

to induce apoptosis. It was approved for treatment of previously treated chronic lymphocytic 

leukemia (CLL) patients with 17p deletion early in 2016. It has also been in clinical trials for 

other B-cell lymphoid malignancies. Unlike the other recently approved targeted agents idelalisib 

and ibrutinib, so far there has been no relapse reported in some patients. Also, unlike the other 

targeted agents, it is effective against tumor cells that reside in the blood marrow. Despite its 

promising outcome in CLL, preclinical data have already uncovered mechanistic insights under-

lying venetoclax resistance, such as upregulation of MCL-1 or BCL-xL expression and protective 

signaling from the microenvironment. In this review, we describe the role of the BCL-2 family 

in the pathogenesis of B-cell lymphoid malignancies, the development of venetoclax, and its 

current clinical outcome in CLL and other B-cell malignancies. We also discuss the resistance 

mechanisms that develop following venetoclax therapy, potential strategies to overcome them, 

and how this knowledge can be translated into clinical applications.
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Introduction
Apoptosis is an evolutionarily conserved process of cell death that plays a critical role 

in tissue homeostasis.1 There are two distinct apoptosis pathways: the “extrinsic (death 

receptor) pathway” and the “intrinsic (mitochondrial) pathway”. The intrinsic pathway 

is triggered by a range of signals, such as DNA damage or deprivation of growth factors 

and results in the release of apoptogenic proteins, including cytochrome c from the 

mitochondria to the cytoplasm and activation of caspases, eventually leading to cell 

death. Mitochondrial outer membrane permeabilization (MOMP) is the key point of “no 

return” in the intrinsic pathway, and it is regulated by the BCL-2 family proteins.

The B-cell lymphoma-2 (BCL-2) gene product was the first antiapoptosis protein 

discovered in 1980s as a consequence of t(14; 18) chromosomal translocation and 

the hallmark of follicular lymphoma (FL).2 Since then, more than 20 BCL-2 family 

members have been identified, and they have been classified into three groups based 

on their function and structure. The antiapoptotic proteins BCL-2, BCL-xL, BCL-W, 

BFL-1/A1, and MCL-1 have four BCL-2 homology (BH) domains and interact with 

other BCL-2 family proteins to prevent MOMP. The pro-apoptosis proteins, BIM, 

BID, BAD, NOXA, and PUMA, only share sequence homology with the BH3 domain 

and are therefore called BH3-only proteins. Finally, the cell death mediators BAX 

and BAK have three BH domains (BH1–3).3 Briefly, BAX and BAK are directly 

inhibited by the antiapoptotic proteins, such as BCL-2. Under cell stress signals, 
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BH3-only proteins, such as BIM, can act as direct activators 

of BAX/BAK or as sensitizers, such as NOXA, by displac-

ing BAX/BAK from their interaction with antiapoptotic 

proteins, resulting in BAX/BAK homo-oligomerization 

and MOMP. Antiapoptotic family members can also pre-

vent BH3-only protein activation. Some of the BH3-only 

proteins, such as BIM, can bind to multiple antiapoptotic 

BCL-2 family proteins, while others, such as NOXA, are 

more restrictive, binding primarily to MCL-1.4 Also, some 

antiapoptotic BCL-2 proteins display a preference for BAX 

or BAK binding. Thus, BAK preferentially binds to MCL-1, 

but not BCL-2.5

Chemoimmunotherapy has been the standard treatment for 

patients with CLL and other B-cell lymphoid malignancies.6 

The B-cell receptor (BCR) signaling inhibitors, such as 

idelalisib and ibrutinib, were proved to affect the survival of 

neoplastic B cells not only by destabilizing the multifactorial 

platform of microenvironment signals that commonly sustain 

the malignant clone but also by delocalizing a consistent 

fraction of the tumor B-cell clone from the protective tis-

sue compartment.7 The outcome of relapsed CLL improved 

dramatically over the past 5 years with the advent of BCR 

signaling inhibitors, especially in the elderly and unfit.8–11 

However, patients do relapse during treatment with ibru-

tinib or idelalisib, and some patients even fail to respond. 

The C481S mutation in the Bruton tyrosine kinase (BTK) 

domain was reported to be a major mechanism of resistance to 

ibrutinib. Therefore, novel therapies are needed to overcome 

resistance to ibrutinib and idelalisib. Second-generation BTK 

inhibitors, such as ACP-196, ONO/GS-4059, and BGB-3111, 

are being assessed in several clinical trials with promising 

outcome.12 Another alternative strategy is to target BCL-2, as 

dysfunction of apoptosis due to BCL-2 overexpression is one 

of the hallmarks in most B-cell malignancies.13 A series of 

BCL-2 inhibitors have been developed since the mid-2000s; 

among these, venetoclax (Venclexta™ [AbbVie Inc., North 

Chicago, IL, USA], formerly ABT-199, GDC-0199) is the 

first US Food and Drug Administration (FDA)-approved drug 

for CLL patients with 17p deletion who received at least one 

prior therapy.14 Here, we review the clinical application and 

resistance mechanisms underlying venetoclax therapy and 

future directions for combination therapies with it, both in 

CLL and in other B-cell malignancies.

Aberrant expression of BCL-2 
protein in B-cell malignancies
High levels of BCL-2 are universal in CLL, FL, mantle cell 

lymphoma (MCL), Waldenstrom macroglobulinemia (WM), 

and one third of diffuse large B-cell lymphomas (DLBCL). 

Most CLL primary cells present high BCL-2 levels not only 

due to the hypomethylation of the BCL-2 gene15 but also as a 

result of loss of microRNA (miR)-15 and miR-16 located at 

13q14, a region deleted in more than half of CLL patients.16 

Elevated BCL-2 protein levels were found as a result of the 

t(14; 18) translocation in 80%–90% of FL patients.2 About 

one third of DLBCL cases overexpress BCL-2 because of 

the t(14; 18) translocation or gene amplification.17 Aberrant 

expression of the BCL-2 protein is also found in MCL and 

multiple myeloma (MM), where it was associated with 

deregulation of cyclin D1 (CCND1) expression caused by its 

translocation.18,19 For all these reasons, targeting the BCL-2 

protein to induce apoptosis is considered to be a promising 

therapeutic approach in B-cell lymphoid malignancies. While 

B-cell malignancies, such as CLL and FL, rely on BCL-2, 

and are therefore designated as BCL-2 dependent, there are 

others, such as MM, that are more dependent on MCL-1 or 

both MCL-1 and BCL-xL.

Development of BH3 mimetic drugs
BH3 mimetic drugs were designed on the basis of their 

structural similarity to the BH3 domain of the BH3-only 

proteins. The first such structure-based “bona fide” BCL-2 

inhibitor acting as a synthetic BH3 mimetic was ABT-737, 

a small-molecule inhibitor that binds with a high affinity 

to BCL-2, BCL-xL, and BCL-W, but not MCL-1. In vitro, 

ABT-737 can induce apoptosis of primary CLL cells from 

patients at a concentration ,100 nM.20 Later, its bioavailable 

derivative ABT-263 (navitoclax) was selected for clinical 

development.21 Navitoclax showed antitumor activity against 

CLL and FL in early phase clinical trials,22,23 but further 

studies were postponed because of its on target BCL-xL 

inhibition. As BCL-xL is a key survival factor for platelets,24 

the patients administered navitoclax suffered from acute 

thrombocytopenia.22

Venetoclax was developed as a highly BCL-2-selective 

BH3-mimetic. It has a strong affinity only for BCL-2, 

with .100-fold less affinity for BCL-xL or BCL-W. As with 

navitoclax, in vitro cytotoxicity of venetoclax is dependent 

on the presence of BAX and BAK, which in turn leads to cell 

death by apoptosis.25 Other therapeutics that were initially 

considered as BH3 mimetics, later turned out not to represent 

“true” BH3 mimetics, as their mechanism of action was inde-

pendent of BAX or BAK activation, even though they had 

clinical benefit.26 For example, gossypol increases expres-

sion of NOXA, most likely owing to endoplasmic reticulum 

stress. By binding to MCL-1, NOXA displaces BIM from the 
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MCL-1/BIM complex, and then the freed BIM induces apop-

tosis through BAX activation.27 Other therapeutics, including 

proteasome inhibitors, may act similarly by activating the 

endoplasmic reticulum-specific transcription factors ATF3 

and ATF4 that regulate NOXA expression.28,29

Determining the dependence on a particular antiapop-

totic BCL-2 family protein has become critical for deciding 

a personalized therapy. The advent of “BH3 profiling” 

using specific peptides has led the way,30,31 although more 

recent availability of specific small-molecule inhibitors of 

BCL-xL (Wehi-539, A-1155463, A-1331852)32,33 and MCL-1 

(A-1210477, S63845),34,35 in addition to inhibition of BCL-2 

by venetoclax, has facilitated, at least in an ex vivo culture, a 

rapid determination of the BCL-2 family protein dependence. 

These tools make it possible to choose the most effective 

therapeutics to be used based on a functional output, their 

ability to induce tumor cell death.31 A panel of cell lines has 

been also engineered to facilitate this analysis by faithfully 

assessing the efficacy of BH3-mimetic small molecules in 

preclinical mouse models.36

The development of venetoclax as 
monochemotherapy
Venetoclax was first tested in relapsed or refractory CLL 

patients; it induced reduction of lymphocyte counts in a dose-

dependent manner without provoking thrombocytopenia.25 

The first clinical trial for venetoclax was a phase I dose-

escalation study that enrolled 116 patients with relapsed or 

refractory CLL or small lymphocytic lymphoma, of which 

92 (79%) had a response and 20% achieved complete remis-

sion (CR), including 5% with minimal residual disease 

(MRD) negative as assessed by flow cytometry. Objective 

responses were common among patients with resistance to 

fludarabine with del17p and unmutated IGHV. Progression-

free survival (PFS) estimated for the 400-mg dose groups 

was 69% (Table 1).37 In the phase II, single-arm, multicenter 

study of venetoclax conducted exclusively in patients with del 

(17p) CLL, 107 patients were enrolled. Overall response rate 

(ORR) determined by an independent review was achieved in 

85 (79.4%) patients with a median follow-up of 12.1 months.38 

Response rates were similar regardless of whether the patients 

were refractory to prior fludarabine-based therapy. The 

clinical responses of CLL patients were also independent of 

del17p, TP53 mutation, and TP53 function.39

Recently, a phase II, open label, two-arm study reported 

the outcome of venetoclax monotherapy in 64 CLL patients 

who relapsed after, or were refractory to, ibrutinib or 

idelalisib, of whom 43 were on prior ibrutinib (Arm A) and 

21 (Arm B) on prior idelalisib. ORR by an independent 

review for Arm A and Arm B was 70% and 48%, respec-

tively. At the time of analysis, neither the PFS nor the overall 

survival has been reached. The estimated 12-month PFS was 

72%, and overall survival was 90% for the overall group. 

This study demonstrated that venetoclax had robust activity 

in CLL patients who progressed during or after treatment 

with ibrutinib or idelalisib (Table 1).40

Venetoclax as monotherapy was investigated in a phase I 

study in patients with relapsed/refractory non-Hodgkin 

lymphoma (NHL). The ORR varied in the different histologic 

subgroups, with the highest rates observed in WM (100%, all 

PR) and MCL (75%, including 21% CR). Responses were 

less frequent in FL (ORR: 34%, CR: 10%) and DLBCL 

(ORR: 15%, CR: 9%), and the median duration of response 

of DLBCL was only 3.3 months (Table 1).41 A pooled 

Table 1 Clinical trials of venetoclax as monotherapy in CLL and B-cell malignancies

Disease Phase Number 
of patients

ORR CR + CRi Median follow-up 
(months)

ClinicalTrials.gov ID References

R/R CLL i 116 79% 20% 17 NCT01328626 37
R/R CLL with 
del (17p)

ii 107 79% 8% 12.1 NCT01889186 38

R/R CLL ii 120 70% (postibrutinib), 
48% (postidelalisib)

2% (postibrutinib), 
0% (postidelalisib)

Not reported NCT02141282 40

R/R NHL i 106 15% (DLBCL, 5/34)
34% (FL, 10/29)

9% (DLBCL, 3/34)
10% (FL, 3/29)

Not reported NCT01328626 41

R/R CLL iii 250 – – – NCT02756611 ClinicalTrials.gov 
(recruiting)

R/R CLL iii 200 – – – NCT02980731 ClinicalTrials.gov 
(recruiting)

R/R wM ii 30 – – – NCT02677324 ClinicalTrials.gov 
(recruiting)

Abbreviations: CR, complete remission; CRi, complete remission with incomplete blood count recovery; R/R, relapsed/refectory; CLL, chronic lymphocytic leukemia; 
NHL, non-Hodgkin lymphoma; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; wM, waldenstrom macroglobulinemia; ORR, overall response rate.
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population pharmacokinetic analysis in CLL and NHL 

revealed that the concomitant administration of moderate 

and strong CYP3A inhibitors and rituximab, as well as food, 

were the main factors impacting venetoclax pharmacoki-

netics. Moderate and strong CYP3A inhibitors decreased 

venetoclax apparent clearance by 19% and 84%, respectively, 

while concomitant rituximab administration was estimated 

to increase venetoclax apparent clearance by 21%. Addition-

ally, food increased venetoclax exposures by 3- to 4.2-fold 

relative to the fasting state. On the basis of these findings, 

moderate and strong CYP3A inhibitors should be avoided 

during venetoclax initiation.42 The most severe side effect in 

the phase I study in CLL patients was tumor lysis syndrome 

(TLS), with 3 of the 56 patients in the dose-escalation cohort 

experiencing TLS, with one sudden death. Following the 

adjustment of a slow ramp-up schedule subsequently, no 

additional clinical TLS was observed. Other toxicities were 

mild diarrhea, respiratory tract infection, and neutropenia.37,38 

Overall, venetoclax had a manageable safety profile and 

was overall well tolerated in B-cell lymphoid malignances. 

Absorption, metabolism, and excretion of venetoclax in 

humans have recently been well defined.43

Resistance mechanism to 
venetoclax in B-cell lymphoid 
malignancies
Even though venetoclax as a single drug achieved a high 

response rate in CLL patients, CR was relatively low, and 

patients did progress under venetoclax treatment. In a phase I 

study in relapsed/refractory CLL, disease progression occurred 

in 41 patients (35%), including Richter’s transformation in 

18 (16%), which was more common among patients with del 

(17p).37 Therefore, it is important to establish some prognostic 

index markers that can predict the sensitivity of venetoclax 

and also explore the ensuing resistance mechanism.

Retrospectively, reviewed data from a clinical trial 

revealed that fludarabine-refractoriness and a complex 

karyotype were the dominant risk factors for progression 

on venetoclax in CLL patients.44 Our previous study showed 

that the (MCL-1 + Bfl-1)/BCL-2 mRNA ratio predicts the 

response of CLL to ABT-737, as the ratio of (MCL-1 + 

Bfl-1)/BCL-2 is lower in the sensitive group as compared 

with the ABT-737-resistant group.45 The ratio of (MCL-1 + 

pBCL-2) to BCL-2 expression was also found to provide the 

most significant predictive marker for the cytotoxic potential 

of ABT-199 in CLL samples.46 In FL, sensitivity to veneto-

clax was found to be associated with the BCL-2/BIM ratio.47 

The BCL-2/(BCL-XL + MCL-1) mRNA ratio is a strong 

predictor of sensitivity to venetoclax in MCL.48 Nevertheless, 

sensitivity to venetoclax correlated with high BCL-2 and low 

BCL-XL or MCL-1 expression in MM.49

The most likely resistance mechanism to venetoclax has 

been upregulation of alternative antiapoptotic BCL2 family 

members, such as MCL-1 and BCL-xL.50 Our previous study 

showed that acquired resistance could be obtained after 

chronic exposure to venetoclax in DLBCL cell lines, resulting 

in substantial AKT activation and upregulation of MCL-1 

and BCL-xL levels that sequestered BIM (Figure 1).51 

Importantly, genetic suppression of AKT, BCL-xL, or 

MCL-1 could restore sensitivity to venetoclax. Similarly, 

targeted agents that impact on MCL-1 expression through 

phosphatidylinositol 3-kinase (PI3K) or mammalian target 

of rapamycin kinase (mTOR), such as idelalisib10 or NVP-

BEZ235, were also effective.51

We found that increased BCL-xL expression was 

inversely correlated with that of miR-377 in ABT-199-

resistant DLBCL cell lines and that high BCL-xL/low 

miR-377 expression conferred resistance to venetoclax in 

CLL patients.52 Using a hypomethylating agent, 5-azacytidine 

restored the response by increasing levels of miR-377 and, 

as a consequence, decreasing levels of BCL-xL. This finding 

opens up the possibility of extending the use of hypomethy-

lating agents, alone or in combination, as currently explored 

clinically in myeloid diseases (eg, AML).53,54 This novel 

epigenetic regulation of BCL-xL may be unique to lymphoid 

malignancies. In contrast, in solid tumors, its expression is 

largely determined by gene copy number; BCL-2 and MCL-1 

are some of the most highly amplified oncogenes.55

Levels of MCL-1 can be modulated by a large number 

of therapeutics at the transcriptional, posttranscriptional, or 

translational level. For example, a recent report revealed 

that Cyclin E/Cdk2 phosphorylates and stabilizes MCL-1, 

which in turn reduces cellular sensitivity to BH3-mimetics, 

including venetoclax.56 Site-specific mutagenesis has shown 

that specific residues in MCL-1 are responsible for either 

enhancing stability (Thr92 and Thr163) or BIM binding 

(Ser64) ability of MCL-1.56 Similarly, in vitro studies showed 

that BCL-xL plays a critical role in MM cell survival and 

that high levels of MCL-1 or BCL-xL may also be potential 

resistance factors to venetoclax treatment.49

Acquired BCL-2 mutation and posttranslational phos-

phorylation of BCL-2 were also associated with resistance 

to venetoclax. A missense mutation in the C-terminal 

transmembrane domain of BAX (G179E), generated after 

continuous exposure to venetoclax in resistant human lym-

phoma cells, abrogated BAX anchoring to mitochondria 

and thus blocked ABT-199-induced apoptosis, both in vitro 

and in vivo.57 BCL-2 phosphorylation prevented ABT-199 
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from displacing BAX and BIM from BCL-2, thereby 

blocking the mitochondrial pathway of apoptosis.46

Other mechanisms reported were constitutive intracellular 

signaling (ie, downstream of BCR) and stroma-mediated treat-

ment resistance due to pro-survival signals from the microen-

vironment. Stimulation of CLL cells with CD40L resulted in 

induction of the antiapoptotic proteins BCL-xL, BFL-1, and 

MCL-1, which in turn conferred reduction in venetoclax-

induced apoptosis.58,59 Similarly, by mimicking the microenvi-

ronment through CD40 stimulation, ABT-199 sensitivity was 

compromised through activation of the NF-κB pathway and 

upregulation of BCL-xL in MCL.48,60 Moreover, the extracellular 

acid sensing G-protein coupled receptor, GPR65, is expressed 

in primary CLL cells, where its levels correlate strongly with 

those of antiapoptotic BCL-2 family members.61

Strategies to overcome resistance 
to venetoclax: preclinical and 
clinical data
Based on the resistance mechanisms discussed above, 

rational combinations of BCL-2 inhibitors with other 

agents are achieving a better clinical response. Thus, pre-

clinical data suggested that distinct resistant mechanisms to 

venetoclax could be overcome by monoclonal antibodies, 

DNA damaging chemotherapy, proteasome inhibitors, BCR 

signaling inhibitors, such as ibrutinib and idelalisib, and 

MCL-1 inhibitors. Clinical trials were designed to evaluate 

the venetoclax as part of combination therapies in different 

B-cell lymphoid malignancies (Table 2).

In vitro, combination of GA101 or rituximab with ABT-199 

demonstrated that CD40-induced resistance to ABT-199 could 

be counteracted in CLL.58 CD40-induced proliferation and 

mitochondrial priming loss in MCL can also be overcome by 

the second-generation anti-CD20 antibody obinutuzumab,60 

which blocks induction of BCL-xL by inhibiting the activa-

tion of the NF-κB signaling pathway. A series of clinical tri-

als have begun to investigate the efficacy of venetoclax plus 

anti-CD20 monoclonal antibodies and chemoimmunotherapy 

in patients with CLL and lymphoma (Table 2). Recently, a 

phase I study reported the promising outcome of venetoclax 

plus rituximab in 49 relapsed/refractory CLL. ORR was 

86%, including 51% CR; estimated-2 year PFS and ongoing 

response were 82% and 89%, respectively. Notably, 80% 

(20/25) of the patients that were complete responders were 

MRD-negative in the blood marrow, with 11 of 13 responders 

remaining in ongoing remission after a median of 9.7 months 

β

Figure 1 Our model for venetoclax resistance and approaches to overcome it by targeting Pi3K-mTOR signaling in addition to direct regulation of BCL-xL and MCL-1 levels.
Notes: (A) ABT-199 targets BCL-2 in sensitive cells and displaces BiM to cause BAX-mediated apoptosis. (B) As ABT-199 does not target MCL-1 and BCL-xL, these BCL-2 
family proteins confer resistance by sequestering BiM that is displaced from BCL-2. (C) NvP-BeZ235 inhibits the Pi3K and mTOR pathways, with idelalisib (GS-1101) inhibiting 
Pi3K, both of which interfere with MCL-1 stability, thereby freeing BiM, which then activates BAX, leading to release of cytochrome c and apoptosis (Reproduced from 
Choudhary GS, Al-Harbi S, Mazumder S, et al. MCL-1 and BCL-xL-dependent resistance to the BCL-2 inhibitor ABT-199 can be overcome by preventing Pi3K/AKT/mTOR 
activation in lymphoid malignancies. Cell Death Dis. 2015;6:e159351).
Abbreviations: BCL-2, B-cell lymphoma-2; Pi3K, phosphatidylinositol 3-kinase; mTOR, mammalian target of rapamycin kinase.
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off venetoclax; another 2 with MRD-positive CR progressed 

after 24 months off therapy and reattained response after 

reinitiation of venetoclax. The depth and durability of 

responses observed in this study offer an attractive potential 

treatment option for patients with relapsed/refractory CLL.62 

Furthermore, interim data from a phase II study reported that 

venetoclax plus bendamustine and rituximab (BR) had a 68% 

ORR, including 50% CR in FL. ORR was 33% in the chemo-

free group (venetoclax plus rituximab), but for nonrefractory 

patients in this group, ORR was 64%, with 27% CR.63

One appealing approach to overcome venetoclax resis-

tance is to combine it with a BCR signaling inhibitor, as 

several laboratory studies provided support for this pos-

sibility. Basically, as BCR signaling pathway and BCL-2 

overexpression interaction is complex, it is reasonable to 

suppress both pathways. In primary CLL cells, sustained 

stimulation of BCR results in significant ABT-199 resistance, 

dependent at least partly on induction of the antiapoptotic 

protein MCL-1. Different spleen tyrosine kinase (SYK), 

BTK, and PI3Kδ inhibitors can overcome the resistance 

to venetoclax by downregulating MCL-1.59 High-content 

screening further identified that venetoclax resistance in CLL 

might be induced by microenvironmental signals, resulting 

in overexpression of BCL-xl, MCL-1, and BFL-1/A1, which 

in turn could be counteracted by sunitinib, ibrutinib, and 

idelalisib.64 Another study showed that among the three 

BCL-2 family antiapoptotic proteins that were overexpressed 

in CLL, ibrutinib can decrease the levels of MCL-1 and 

BCL-xL, while ABT-199 selectively antagonizes BCL-2, 

suggesting that ibrutinib can synergize with venetoclax in 

the treatment of CLL.65 The synergistic effect of venetoclax 

plus ibrutinib was also confirmed in MCL cell lines48,66 and 

WM, irrespective of CXCR status (wild-type or mutated).67 

As ibrutinib is very effective in dislocating CLL cells from 

the lymph node compartment, this combination may be par-

ticularly effective as venetoclax can then induce apoptosis 

of tumor cells that are released in circulation.

Addition of the dual PI3K/mTOR inhibitor NVP-BEZ235 

or idelalisib to venetoclax was able to overcome resistance in 

the DLBCL cell lines by reducing MCL-1 levels and leading 

to release of BIM from MCL-1 and BCL-XL, thus causing 

apoptosis by BAX activation (Figure 1).51 Another study 

also showed that BEZ235 could synergize with venetoclax 

by an alternative mechanism, by inducing the accumulation 

Table 2 Clinical trials of venetoclax-included combination therapy in CLL and B-cell malignancies

Agents combined with 
venetoclax 

Disease Phase Estimated number 
of patients

Status ClinicalTrial.gov ID

Rituximab R/R CLL ib 49 Ref 62 NCT01682616
ibrutinib CLL; R/R or high risk, treatment-naïve ii 78 Recruiting NCT02756897
ibrutinib, obinutuzumab Treatment-naïve CLL; with TP53 

deletion and/or mutation 
ii 40 Recruiting NCT02758665

ibrutinib Treatment-naïve CLL ii 150 Recruiting NCT02910583
Rituximab or obinutuzumab 
obinutuzumab + ibrutinib 
(vs FCR/BR w/0 venetoclax)

Fit treatment-naïve CLL without del 
(17p) or TP53 mutation

iii 920 Recruiting NCT02950051

BR or BG CLL; R/R or Treatment-naïve i 100 Recruiting NCT01671904
Obinutuzumab, ibrutinib CLL; R/R or Treatment-naïve i/ii 68 Ref 71 NCT02427451
Obinutuzumab Treatment-naïve FL i 25 Planned NCT02877550
BR or rituximab (vs BR without 
venetoclax)

R/R FL ii 165 interim data, 
ref 63

NCT02187861

ibrutinib R/R FL i/ii 41 Recruiting NCT02956382
Obinutuzumab, polatuzumab 
vedotin (ADC against CD79b)

R/R FL or DLBCL ib/ii 119 Recruiting NCT02611323

ibrutinib R/R MCL i/iB 28 Recruiting NCT02419560
Obinutuzumab, Lenalidomide R/R B-cell NHL i 60 Planned NCT02992522
DA-ePOCH plus rituximab Aggressive B-cell lymphoma i 18 Planned NCT03036904
Obinutuzumab, R/R DLBCL ii 21 Planned NCT02987400
Dexamethasone; carfilzomib R/R MM ii 40 Recruiting NCT02899052
ABBv-838 (ADC against CS-1); 
Dexamethasone

R/R MM iB 72 Planned NCT02951117

Bortezomib + Dex 
(vs Bortezomib + Dex + placebo)

R/R MM iii 240 Recruiting NCT02755597

Abbreviations: ADC, antibody-drug conjugate; R/R, relapsed/refractory; CLL, chronic lymphocytic leukemia; FCR, fludarabine, cyclophosphamide, rituximab; BR, 
bendamustine plus rituximab; BG, bendamustine plus obinutuzumab; MCL, mantle cell lymphoma; DLBCL, diffuse large B-cell lymphoma; DA-ePOCH, dose-adjusted 
doxorubicin hydrochloride, etoposide, vincristine sulfate, cyclophosphamide, prednisone; Dex, dexamethasone; MM, multiple myeloma.
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of BAD and BIM in DLBCL cells.68 In another study, 

cerdulatinib, a dual SYK/JAK inhibitor, was shown to induce 

apoptosis of CLL cells following inhibition of the BCR/IL-4 

signaling pathways and could thus overcome nurse-like cell 

or anti-IgM/CD40L + IL-4-mediated protection in CLL 

primary cells from patients. Combination of cerdulatinib 

with venetoclax synergized to augment apoptosis in CLL 

samples induced by IL-4.69 Finally, CC-115, a novel inhibitor 

of mTOR and DNA-dependent protein kinase (DNA-PK), 

blocked cell proliferation induced by CD40+ interleukin-21 

stimulation and reverted CD40-mediated resistance to veneto-

clax in CLL cell lines and primary CLL cells.70 Clinical trials 

are in progress to investigate the efficacy of kinase inhibitors 

plus venetoclax in B-cell lymphoid malignancies (Table 2). 

Recently, in a phase Ib/2 study of obinutuzmab, ibrutinib, 

and venetoclax in relapsed/refractory CLL, all six patients 

available for assessment achieved objective response: five 

PR, including one MRD-negative in peripheral blood (PB), 

one MRD-negative in both PB and bone marrow, and one 

CR with MRD-negative PB and bone marrow.71

With the understanding of the role of MCL-1 in the 

development of venetoclax resistance, another approach is 

to downregulate MCL-1 levels. In CLL, a shift toward lower 

pp38 and higher MCL-1 levels was uniquely found in ABT-

737-resistant cells. Hypoxia induces p38 activation, which 

in turn downregulates MCL-1 expression and increases 

the sensitivity of CLL toward BH3 mimetics.72 Treatment 

with gossypol altered the splicing of MCL-1L to MCL-1s,27 

which was reported to act as a pro-apoptotic protein. Simi-

larly, the SF3B1 inhibitor spliceostatin A (SSA) altered 

the splicing of MCL-1L to MCL-1s, which was coincident 

with induction of apoptosis in CLL cells. Thus, combining 

spliceostatin A with venetoclax could overcome IL-4 and 

CD40L-induced pro-survival effect.73 In our previous study, 

we used the CDK inhibitor dinaciclib at low concentrations 

(which do not impact on its transcriptional control by CDK9 

through DNA Pol II) to inhibit posttranslational regulation 

of MCL-1. Preventing CDK2/Cyclin E-mediated MCL-1 

phosphorylation led to the release of BIM from MCL-1 

and apoptosis in ABT-737-resistant cells. Dinaciclib in 

combination with ABT-199 resulted in robust synergistic 

cell death in DLBCL cell lines and primary CLL patient 

samples.56 Higher concentrations of dinaciclib (as those of 

flavoppridol [alvocibib] used earlier, but which have more 

severe unwanted side effects) decrease MCL-1 mRNA 

levels by blocking CDK9-mediated Pol II transcription.74,75 

Thus, inhibition of MCL-1 by dinaciclib amplified apoptosis 

induced by venetoclax in DLBCL; potent antitumor activities 

of these combinations also were observed in xenografts 

and in a genetic murine model of Myc-BCL-2 double-hit 

lymphoma.76 Another study also showed that concurrent 

inhibition of BCL-2 and MCL-1 with ABT-199 and homo-

harringtonine, a plant alkaloid, could induce significant 

synthetic lethality in most BCL-2-expressing DLBCL cell 

lines.77 MCL-1 is widely and highly expressed in MM, and 

it is also an attractive therapeutic target.78 Recently, a novel 

MCL-1 inhibitor S63845 was reported to be tolerable and 

effective in diverse cancer models,35 making it possible to 

overcome venetoclax resistance in various types of B-cell 

lymphoid malignancies.

Several studies applied different drugs to increase the 

sensitivity of venetoclax. For example, co-treatment of human 

MM cell lines and primary patient samples with dexametha-

sone and venetoclax significantly increased cell death over 

venetoclax alone. Addition of dexamethasone increased the 

expression of both BCL-2 and BIM, resulting in increased 

sensitivity to venetoclax.79 Combination of venetoclax with 

acadesine, a nucleoside analog, could also achieve higher 

apoptosis in MCL.80 Combination of venetoclax with doxoru-

bicin or cytarabine, bortezomib, and JQ1 produced synergistic 

cell kill against the double-hit lymphoma cell lines cultured 

in vitro.81 In vitro and in vivo results also supported that 

radiotherapy could synergize with venetoclax for treatment of 

DLBCL and MCL.82 All the above studies provide evidence 

for the feasibility of future combination therapy options.

Conclusion
Venetoclax has already provided promising results as mono-

therapy for treatment of relapsed/refractory CLL with del 

(17p). Unlike the other recently approved targeted agents 

idelalisib and ibrutinib, so far there has been no relapse 

reported in some patients.38 Also, unlike the other targeted 

agents, it is effective against tumor cells that reside in the 

blood marrow.37,65 However, the CR rate is still relatively 

low, and patients do progress under venetoclax treatment or 

may even be refractory. Moreover, the outcome of venetoclax 

as a single drug in FL and DLBCL so far has not been so 

satisfactory. With emerging knowledge of venetoclax resis-

tance mechanisms, future studies should continue to define 

biomarkers that could predict the response of venetoclax 

in different B-cell malignancies. Moreover, the promising 

preclinical data from combination of BCL-2 inhibitors with 

other novel agents, such as MCL-1 inhibitors and ibrutinib, 

provide therapeutic benefit, which can be translated into early 

phase clinical trials. Results from the clinical application 

of venetoclax as monotherapy in a subset of patients for 
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personalized therapy and more broadly in combination with 

first-line approved agents for treatment of B-cell lymphoid 

malignances are expected. Based on the experience with 

lymphoid malignancies, as has historically been seen with 

other novel FDA-approved therapeutics, the use of veneto-

clax will certainly see broader clinical applications in other 

liquid and solid tumors.
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